To investigate the association of cancer stem-cell markers [octamer-binding transcription factor 4 (OCT4), sex determining region Y-box 2 (SOX2), and Nanog homebox (NANOG)] expression with clinicopathological properties and overall survival (OS) in operative rectal cancer (RC) patients receiving adjuvant therapy. Materials and Methods: 153 patients with primary RC receiving surgery were enrolled. Tumor tissue and paired adjacent normal tissue sample were collected, and OCT4, SOX2, and NANOG expressions were assessed by immunofluorescent staining. The median follow-up duration was 5.2 years, and the last follow-up date was August 2016. Results: Tumor tissue OCT4 (p<0.001), SOX2 (p=0.003), and NANOG (p<0.001) expressions were higher than those in adjacent tissue. OCT4 expression was positively correlated with pathological grade (R=0.185, p=0.022), tumor size (R=0.224, p=0.005), and N stage (R=0.170, p=0.036). NANOG expression was positively associated with tumor size (R=0.169, p=0.036). Kaplan-Meier suggested that OCT4 + was associated with worse OS compared with OCT4 − (p<0.001), while no association of SOX2 (p=0.121) and NANOG expressions (p=0.195) with OS was uncovered. Compared with one or no positive marker, at least two positive markers were associated with shorter OS (p<0.001), while all three positive markers were correlated with worse OS compared with two or less positive markers (p<0.001). Multivariate Cox's analysis revealed that OCT4 + (p<0.001) and N stage (p=0.046) were independent factors for shorter OS. Conclusion: Tumor tissue OCT4 expression was correlated with poor differentiation, tumor size, and N stage, and it can serve as an independent prognostic biomarker in operative patients with RC receiving adjuvant therapy.
INTRODUCTION
Rectal cancer (RC), one of the most commonly diagnosed malignant tumors, is a crucial threat imperiling human health worldwide. 1 2016 cancer statistics report indicated approximately 39220 new RC cases in the United States and estimated incidence of 11 per 100000 people in the developing countries. 2, 3 Despite of great improvement in early diagnosis, operative treatment, adjuvant therapies (such as chemotherapy, radiotherapy and hormonotherapy) and integrated patients' care, the prognosis of RC patients remains far from satisfaction. 4 Cancer stem cells (CSCs), a small subset of tumor cells, are characterized by self-renewing capacity, heterogeneity and resistance to several therapies (such as chemotherapy and radiotherapy), and contribute to the process of tumor development, infiltration, metastasis and recurrence. 5 As common stem related transcription factors, octamer-binding transcription factor 4 (OCT4), sex determining region Y-box 2 (SOX2), and Nanog homebox (NANOG) are considered as critical regulators of self-renewal and pluripotency of embryonic stem, mediating tumor proliferation and tumor differentiation. And they have been identified as predictive biomarkers for poor prognosis in several carcinomas including hepatocellular cancer, esophageal squamous cell carcinoma (ESCC) and ovarian cancer. [6] [7] [8] [9] Several earlier studies indicate that OCT4, SOX2, and NANOG are frequently involved in digestive diseases, even though few studies have explored 7, 10 the effects of OCT4, SOX2, and NANOG expression on the prognosis in RC patients. Therefore, the purpose of this study was to investigate the association of cancer stem-cell marker (OCT4, SOX2, and NANOG) expressions with clinicopathological properties and overall survival (OS) in operative RC patients receiving adjuvant therapy.
MATERIALS AND METHODS

Participants
153 patients with primary RC receiving surgery at Department of General Surgery in the Second Affiliated Hospital of Harbin Medical University between December 2009 and December 2010 were consecutively enrolled in this cohort study. All patients were diagnosed by the validation of clinical properties, imageological examination and pathologic analysis. Patients who had received pre-surgery neo-adjuvant therapies, or were complicated with or history of other tumors, hematological malignancies or severe infection were excluded from this study. This study was approved by the Ethics Committee of the Second Affiliated Hospital of Harbin Medical University with approval No. 2009PHB012-01. All the patients signed the informed consents.
Treatment after surgery
In these 153 RC patients, 20 RC patients who were in TNM Stage I didn't take adjuvant treatment after surgery, while 131 patients who in TNM Stage II and Stage III received 5-fluorouracil based chemotherapy, among which 31% patients received radiotherapy at the same time, but others did not. Two Stage IV patients gave up chemotherapy or radiotherapy due to poor outcomes of surgery.
Data collection
Baseline demographic, pathological and clinical characteristics of all patients, including age, gender, pathological grade, tumor size, positive lymph nodes, distant metastasis, and TNM stage, were collected. TNM stage was assessed according to the 7th edition of the American Joint Committee on Cancer (AJCC) cancer staging manual and the pathological grade was divided into well differentiation, moderate differentiation, and poor differentiation.
Follow-ups
Patients were intensively followed up during the first half year post-operation; once a month, followed by once every 3−9 months. The median follow-up duration was 5.2 years, and the last follow-up date was August 2016. OS was calculated from the time of the surgery to date of death from any cause or last follow-up.
Sample collection
Tumor tissue samples and paired adjacent normal tissue were obtained from all patients during the surgery, and they were subsequently fixed in formalin and embedded in paraffin for further determination.
Immunofluorescent staining
The formalin-fixed, paraffin-embedded sections (5 μm thick) were deparaffined and dehydrated at 65°C for 3 h. After permeabilizaion in polybutylene terephthalate (PBST) [phosphatebuffered saline (PBS), 1% bovine serum albumin (BSA), 0.1% Triton] overnight, the sections were then treated with methanol containing 0.3% hydrogen peroxide and autoclaved at 121°C for 10 min for antigen retrieval. After blocking with 10% goat serum, one section was incubated at 4°C overnight with rabbit antibody against OCT4 with dilution 1:1600 (C52G3, CST, Boston, MA, USA) and mouse antibody against SOX2 with dilution 1:400 (L1D6A2, CST), while another section was incubated with mouse antibody against NANOG with dilution 1:2000 (1E6C4, CST). After washing with PBS three times, Alexa Fluor ® 488 Conjugate labelled (green) antibody against rabbit IgG with dilution 1:500 (4412, CST) and Alexa Fluor ® 594 Conjugate labelled (red) antibody against mouse IgG with dilution 1:500 (8890, CST) were added as secondary antibodies. After staining, the sections were counterstained with Hoechst 33342.
Histological score (HSCORE) ranged from 0 (no staining) to 4 (maximal staining), which was calculated to assess immunofluorescent staining, and the computational formula as follows: HSCORE=∑Pi(i+1). HSCORE 0.7 was considered as a threshold to distinguish positivity and negativity of immunofluorescent staining.
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Statistics
Statistics was carried out using SPSS 22.0 (IBM Corp., Armonk, NY, USA) and 2010 office software (Microsoft, Boston, MA, USA). Data were presented as mean±standard deviation, count (percentage), or p value. OCT4, SOX2, and NANOG expressions in tumor tissues and paired adjacent tissues were compared by chi-square test. Correlation of expressions of these three factors with each other in patients was determined by Spearman test. Kaplan-Meier was drawn and log-rank test was used to investigate the correlation of OCT4, SOX2, and NANOG expressions with OS. Univariate Cox proportional hazard regression was performed to analyze the factors affecting OS, while factors with a p value <0.1 was further analyzed by multivariate Cox proportional hazard regression. p value <0.05 was considered significant.
RESULTS
Baseline characteristics
In the present study, the mean age of RC patients was 65.97± 11.59 years, and male and female were 83 and 70, respectively ( Table 1 ). The number of RC patients with well, moderate, and poor differentiation was 23 (15%), 109 (71%), and 21 (14%), respectively. The mean of tumor size was 4.71±1.22 cm, and 79 (52%) patients were with tumor size <5 cm, while 74 (48%) patients were with tumor size ≥5 cm. There were 3 (2%) patients in T1 stage, 17 (11%) patients in T2 stage, 131 (86%) patients in T3 stage and 2 (1%) patients in T4a stage. As for N stage, 90 (59%) patients were in N0, 24 (16%) patients in N1a, 15 (10%) patients in N1b, 3 (2%) patients in N1c, 12 (8%) patients in N2a, and 9 (6%) patients in N2b. One hundred and fifty one (99%) patients were in M0 stage, and 2 (1%) patients were in M1a stage. According to the T, N, and M stage, 20 (13%), 68 (44%), 52 (34%), 11 (7%), and 2 (1%) patients were in TNM stage I, stage IIA, stage IIIB, stage IIIC, and stage IVA, respectively.
OCT4, SOX2, and NANOG expression in tumor tissues and paired adjacent normal tissues
OCT4, SOX2 and NANOG expressions were mainly expressed on the cytoplasm of cell (Fig. 1 ). As shown in Table 2 , OCT4 (p<0.001), SOX2 (p=0.003), and NANOG (p<0.001) expressions in tumor tissue were higher than those in adjacent tissue. Coexpressions status of OCT4, SOX2, and NANOG in tumor tissues was evaluated, and Table 3 
Correlations of OCT4, SOX2, and NANOG expressions
Correlations of expressions of these three factors with each other in patients were assessed, and Table 4 shows that OCT4 expression was positively correlated with expression of SOX2 (R=0.316, p<0.001) and NANOG (R=0.164, p=0.043), while no correlation between SOX2 and NANOG expressions was found (R=-0.019, p=0.817).
Correlations of OCT4, SOX2, and NANOG expressions with clinical and pathological features of RC patients
Correlations of OCT4, SOX2, and NANOG expressions with clinical and pathological features of RC patients were evaluated. As shown in Table 5 (Table 5) .
Correlations of OCT4, SOX2, and NANOG expressions with OS
The mean OS was 56 months, and the 5-year survival was 53.6% in these RC patients. Correlations of OCT4, SOX2, and NANOG expressions with OS were assessed. Fig. 2 shows that OCT4 + was associated with worse OS compared with OCT4 -in RC patients (p<0.001) ( Fig. 2A) , while no association of SOX2 (p= 0.121) (Fig. 2B ) and NANOG expressions (p=0.195) (Fig. 2C) with OS was observed in the present study.
Correlation of number of positive markers with OS
Compared with one or no positive marker, at least two positive markers were associated with shorter OS (p<0.001) (Fig.  3B) , while all three positive markers were correlated with even worse OS compared with two or less positive markers (p< 0.001) (Fig. 3C) . No correlation of no positive marker and at least one positive marker with OS was found (p=0.063) (Fig. 3A) .
Analysis of factors affecting OS by univariate and multivariate model
Univariate Cox's proportional hazards regression was used to evaluate the factors affecting OS in RC patients. Table 6 indicates that OCT4 + (p<0.001), poor differentiation (p<0.001), T stage (p=0.033), N stage (p<0.001), and TNM stage (p<0.001) were correlated with worse OS in RC patients. All factors with a p value <0.1 were further analysed by the multivariate Cox's proportional hazards regression model. The result indicated that the OCT4 + (p<0.001) and N stage (p=0.046) were independent factors for shorter OS.
DISCUSSION
The present study found that: 1) Stronger expressions of OCT4, SOX2, and NANOG were found in tumor tissue than those in paired adjacent tissue; 2) OCT4 expression was positively correlated with poor differentiation, tumor size and N stage, while NANOG expression was positively associated with tumor size; 3) OCT4 + was correlated with worse OS than OCT4 − in RC patients, and OCT4 + and N stage could independently predict worse OS; and 4) All three positive markers seem to have greater value in predicting worse OS compared with only one or two positive markers in RC patients.
OCT4, located in 6 chromosomes (6p21.31), is one of the PitOct-Unc (POU) transcription factor family members, which plays a vital role in maintaining stem cell self-renewal, pluripotency, and differentiation. 12 Upregulating OCT4 expression induces the proliferation and metastasis of epithelial ovarian 
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carcinoma cells by regulating mircoRNA (miRNA)-26b/karyopherin α2 (KPNA2) axis, 8 and stimulates cervical cancer cell proliferation and represses its apoptosis by mediating miR125b/BRI1-Associated Receptor Kinase 1 (BAK1) pathway. 13 Also, OCT4 expression targets phosphatase and tensin homolog (PTEN) and Tenascin-C (TNC) genes, increasing the migration of lung cancer cells, 14 and inhibits differentiation by targeting miR-145 in endometrial carcinoma cells. 15 As described above, a large amount of evidence indicate that OCT4 expression acts as a tumor promotor in the tumorigenesis and malignant transformation of various carcinomas.
As for patients with renal cell carcinoma, high expression of tissue OCT4 is positively associated with histological grade, TNM stage, and lymphatic metastasis. 16 Moreover, positive correlation of tissue OCT4 up-regulation with poorer differentiation and higher TNM stage was also found in patients with non-small-cell lung cancer (NSCLC). 17 In line with previous findings in other tumors, we found that OCT4 expression in RC tissue was positively correlated with poor differentiation, tumor size, and N stage. It is highly likely that high expression of OCT4 might induce tumorigenesis and tumor metastasis by promoting cells proliferation/invasion and inhibiting apoptosis via mediating various genes and pathways. [13] [14] [15] In terms of prognostic value, tumor tissue OCT4 + has been shown to be a potential biomarker forecasting poor prognosis in patients with several malignancies, such as ESSC, gastric cancer, oral squamous cell carcinoma, and bladder cancer. [18] [19] [20] [21] Partially in line with these results, our present study revealed that OCT4 + could independently predict worse OS in surgical RC patients receiving adjuvant therapy. There are two possible reasons. Firstly, acting as a CSCs biomarker, OCT4, could increase CSCs, resulting in the resistance of radiotherapy, chemotherapy, and conventional systemic therapy, thereby decreasing therapeutic effects and increasing recurrences in RC patients. [22] [23] [24] [25] Secondly, OCT4 expression regulates multiple signalling pathways, including p38 mitogen-activated protein kinase (MAPK)/caspase-3, Wnt/β-catenin, AKT, and Janus Kinase (JAK)/signal transducer and activator of transcription (STAT)3 signal pathways, thereby resulting in the promotion of tumorigenesis and malignant transformation, and increase of recurrences. [26] [27] [28] [29] Although resection surgery is considered as a golden standard for therapy in RC patients, endoscopy has rapidly evolved and widely been applied in RC patients over the last decade, which is helpful for early diagnosis and treatment for single and small tumors. 30 It is of an interest to cite a previous report, which showed that OCT4 expression contributes to early detection and/or therapy in gastric cancer patients treated with endoscopy. 31 However, the the best of our knowledge, this is the only study to explore the role of OCT4 in RC patients who received endoscopy. Therefore, the effect of OCT4 in tissue samples obtained from RC patients treated with endoscopy should be investigated.
SOX2 [located on chromosome 3 (3p181.71)] and NANOG [located on chromosome 12 (12p13.31)] are responsible for regulating the pluripotency and self-renewal of stem cells. 32, 33 Both of them have been identified to play critical roles in multiple processes during tumorigenesis and tumor development in various malignant tumors, such as lung cancer, breast cancer, and endometrial cancer. 34, 35 Whole blood SOX2 has been shown to be positively associated with lymph node metastasis, and SOX2 expression predicts poor progression-free survival and OS in small-cell lung cancer patients after first-line chemotherapy. 36, 37 On the other hand, however, overexpression of tissue SOX2 has also been shown to predict better outcome in NSCLC patients. 38 As for the NANOG expression, high expression of tissue NANOG was found in renal cancer patients, even though no association was found between NANOG expression and any clinicopathological features. 16 The results, therefore, are not always consistent, and some controversies about the effects of SOX2 and NANOG expressions on the prognosis of tumors still exist. 16, 38, 39 In the current study, we showed that NANOG expression was associated only with tumor size, however, no correlation of SOX2 and NANOG expressions with other clinicopathological properties as well as OS in operative RC patients receiving adjuvant therapy was observed.
We also found that the combination of all three positive markers seems to have even greater value in predicting worse OS compared with only one or two positive markers in RC patients. It is quite possible that CSCs markers (OCT4, SOX2, and NANOG expressions) are strongly associated with CSCs that are characterized by stem-cell properties. Therefore, all three positive markers could reflect high concentration of CSCs, which is related to the resistance of radio-, chemo-, and hormone-therapy, thereby increasing recurrences in RC patients.
Some limitations existed in this study: 1) Sample size was relatively small, possibly resulting in lower statistical efficiency compared with larger sample size studies. 2) There were two RC patients in stage IV enrolled in our study, which might affect the predictive value of tumor tissue OCT4, SOX2, and NANOG expressions on RC patients. In the present study, therefore, we excluded these two stage IV patients and analysed the correlations of OCT4, SOX2, and NANOG expressions with clinicopathological properties and OS in RC patients in stage I, II, and III. We found no difference in the prospective value between RC patients with or without stage IV patients. The effects of tumor tissue OCT4, SOX2, and NANOG expression in the stage IV patients should to be investigated in further study.
3) In the current study, OCT4, SOX2, and NANOG expressions in blood sample were not assessed, even though blood sample is more easily obtained because of its non-invasiveness, particularly the RC patients in stage IV who cannot undergo surgery or biopsy.
In conclusion, tumor tissue OCT4 expression was correlated with poor differentiation, tumor size, and N stage, and it could serve as an independent prognostic biomarker in operative patients with RC receiving adjuvant therapy.
